Conservative and nonconservative mutations of the transmembrane CPC motif in ZntA: effect on metal selectivity and activity.
ZntA from Escherichia coli belongs to the P1B-ATPase transporter family and mediates resistance to toxic levels of selected divalent metal ions. P1B-type ATPases can be divided into subgroups based on substrate cation selectivity. ZntA has the highest selectivity for Pb2+, followed by Zn2+ and Cd2+; it also shows low levels of activity with Cu2+, Ni2+, and Co2+. It has two high-affinity metal-binding sites, one each in the N-terminus and the transmembrane domains. Ligands to the transmembrane metal site in ZntA include the cysteine residues of the conserved 392CPC394 motif in the sixth transmembrane helix. Pro393 is invariant in all P-type ATPases. For ZntA homologues with different metal ion selectivity, the cysteines are replaced by serine, histidine, and threonine. To test the effect on activity and metal ion selectivity, single alanine, histidine, and serine substitutions at Cys392 or Cys394 in ZntA were characterized, as well as double substitutions of both cysteines by histidine or serine. P393A was also characterized. C392A, C394A, and P393A lost the ability to bind a metal ion with high affinity in the transmembrane domain. Histidine and serine substitutions at Cys392 and Cys394 resulted in loss of binding of Pb2+ at the transmembrane site, indicating that both cysteines of the CPC motif are required for binding Pb2+ with high affinity in ZntA homologues. However, C392H, C392S, C394H, C394S, C392S/C394S, and C392H/C394H could bind other divalent metal ions at the transmembrane site and retained low but measurable activity. Interestingly, these mutants lost the predominant selectivity for Zn2+ and Cd2+ shown by wtZntA. Therefore, conserved residues contribute to metal selectivity by supplying ligands that bind metal ions not only with high affinity, as for Pb2+, but also with the most favorable binding geometry that results in efficient catalysis.